The development and the function of the inner ear Microarray technology has provided an unpreceare products of the genes expressed, the timing of their dented opportunity to study gene expression profiles expression, and the functional pathways in which they at a whole-genome level. As a first step toward a comoperate. Knowing the pattern of gene expression in prehensive understanding of inner ear gene expresthe inner ear will help in understanding development sion, mouse cochleas were examined at two develand function. Knowledge of genes expressed, in combiopmental stages (P2 and P32) using GeneChip nation with their chromosomal locations, will also assist oligonucleotide arrays. A large number of genes and in identifying genes for hereditary hearing loss. TradiESTs (Ͼ10,000) were found to be expressed in the tional approaches, such as RT-PCR (including differencochlea. Expression profiles derived from duplicate tial display), cDNA library screening, and sequencing samples at the same developmental stages showed genof cDNAs from inner ear libraries, have had some suceral agreement and indicated the reproducibility of cess in identifying inner ear genes (Gong et al. 1996 ; the assay. The expression of many known hair-cell Heller et al. 1998; Skvorak et al. 1999) . There are, genes was detected in the whole-cochlea samples, demhowever, limitations to those approaches. RT-PCR and onstrating the relatively high sensitivity of the assay.
INTRODUCTION
The development and the function of the inner ear Microarray technology has provided an unpreceare products of the genes expressed, the timing of their dented opportunity to study gene expression profiles expression, and the functional pathways in which they at a whole-genome level. As a first step toward a comoperate. Knowing the pattern of gene expression in prehensive understanding of inner ear gene expresthe inner ear will help in understanding development sion, mouse cochleas were examined at two develand function. Knowledge of genes expressed, in combiopmental stages (P2 and P32) using GeneChip nation with their chromosomal locations, will also assist oligonucleotide arrays. A large number of genes and in identifying genes for hereditary hearing loss. TradiESTs (Ͼ10,000) were found to be expressed in the tional approaches, such as RT-PCR (including differencochlea. Expression profiles derived from duplicate tial display), cDNA library screening, and sequencing samples at the same developmental stages showed genof cDNAs from inner ear libraries, have had some suceral agreement and indicated the reproducibility of cess in identifying inner ear genes (Gong et al. 1996 ; the assay. The expression of many known hair-cell Heller et al. 1998; Skvorak et al. 1999) . There are, genes was detected in the whole-cochlea samples, demhowever, limitations to those approaches. RT-PCR and onstrating the relatively high sensitivity of the assay.
cDNA library screening can deal with only very limited Genes highly expressed only at P2 or P32 were also numbers of genes. Sequencing of cDNA libraries from identified and their expression patterns correlate with inner ear has identified thousands of genes, many of their functions in the cochlea. A web-based database them novel. In order to recognize low-copy-number with external links was set up for public access, which genes with random sequencing of clones, however, an should facilitate the discovery of genes important in impractically large number of genes have to be the development and function of the inner ear and sequenced. For instance, about two-thirds of the should aid the identification of additional deafness ϳ20,000 genes expressed by a typical cell type are genes. expressed at low abundance, i.e., at Ͻ5 copies per cell Keywords: cochlea, utricle, microarray, genomic, Wnt (Zhang et al. 1997) . If 50,000 clones from a cDNA library were sequenced at random, we calculate that more than half of these low abundance transcripts (a third of genes expressed) would be missed. The SAGE (serial analysis of gene expression) method to profile expression (Velculescu et al. 1995; relies on the sequencing of a large number of clones of concate-genes can be discovered) and is very quantitative, it is the cochlea. The cochleas were removed into MEM also laborious and requires the preparation, screening, (Invitrogen, Carlsbad, CA) buffered with 10 mM and sequencing of thousands of clones for each sample.
HEPES to pH 7.4. P32 cochleas were transferred into Microarray technology, with which tens of thousands chilled RNAlater solution (Ambion, Austin, TX) and of genes can be monitored simultaneously, offers an stored at 4ЊC. P2 cochleas were frozen in liquid nitrogen alternative and efficient approach to studying gene and stored at Ϫ80ЊC. A minimum of 1 g of total RNA expression in the inner ear. There are different forms was required to produce sufficient cRNA for GeneChip of microarray technology, but all use the same principle:
hybridization (Z-Y Chen, unpublished data). For this to immobilize targets (cDNAs, oligonucleotides, etc.) study, an average of ten mouse cochleas were collected on the surface of a solid support, to hybridize a sample for each of four samples, which produced an average to the targets, and to record all the hybridization signals of 1.5 g total RNA. simultaneously. Since many targets (ranging from
The procedures for RNA extraction and cDNA and 10,000 cDNAs to 400,000 oligonucleotides) can be cRNA synthesis followed the methods recommended immobilized on one surface, comprehensive expresby Affymetrix. Total RNA was extracted using the sion patterns can be detected in a given sample through RNeasy RNA isolation kit (Qiagen, Valencia, CA). Tisseveral rounds of hybridization (Lander 1999) . The sues were homogenized in 700 L of RLT solution with success of the human and mouse genome projects has ␤-mercaptoethanol. An equal volume of 70% ethanol produced an enormous amount of sequence data.
was added to the homogenized lysate, mixed well, and Chips commercially available have sequences representspun through an RNeasy mini spin column. The coling 60,000 human genes and EST clusters, a large fracumn was washed once with RW1 solution and then tion of the genome.
transferred to a new collection tube. To avoid DNA We have used oligonucleotide arrays (GeneChip, contamination, 10 L DNase I with 70 L RDD buffer Affymetrix, Santa Clara, CA) to profile gene expression (RNase-free DNase set, Qiagen) was mixed and added in the mouse cochlea. We chose the GeneChip system to the column for 15 min. The column was washed with because it is commercially available and covers the high-RW1, followed by wash with 500 L of RPE solution. est number of genes. Importantly, the data obtained Diethyl pyrocarbonate-treated H 2 O (50 L) was used to can be compared with data from other resources using elute RNA. Oligonucleotide assays require high-quality the same platform. We report here gene expression in RNA for cDNA synthesis. The total RNA was further the mouse cochlea assayed with the GeneChip technolpurified with 3M NaAc and ethanol in the presence ogy. These data are available as a searchable database of glycogen. that can be downloaded from the web.
First-and second-strand cDNA synthesis used the T7-(dT)24 (designed by Affymetrix and synthesized and HPLC purified by Genset, La Jolla, CA) and Gibco/ METHOD BRL SuperScript Choice system (Invitrogen, Carlsbad, CA), following the manufacturer's manual. To improve The oligonucleotide array set Mu30K (comprising the efficiency of cDNA synthesis from total RNA, syntheMu11K plus Mu19K) was used for the study. This set sis was done at 42ЊC. Double-stranded cDNA was then covers ϳ13,000 known genes and ϳ21,000 EST clusters.
purified with an equal-volume phenol/chloroform/ Because of the overlap between some of the ESTs and isoamyl alcohol (25:24:1) mix and separated by spinknown genes, many genes or ESTs are represented ning in a tube containing Phase Lock Gels (PLG; more than once on the chip. The total number of Eppendorf-5 Prime, Inc. Boulder, CO). The aqueousunique genes covered by the set is ϳ22,000. For simpliccDNA-containing phase was purified with 7.5 M NH 4 Ac ity, we will treat each entry on the chip (a total of and ethanol in the presence of glycogen. 33,945 known genes or EST clusters) as one gene in
The Enzo Bioarray High Yield RNA Transcript Labelour analysis.
ing Kit (Enzo Diagnostics, Farmingdale, NY), was used Two developmental stages were used for the study, for in vitro transcription to make cRNA. The T7 propostnatal day 2 (P2) and postnatal day 32 (P32). Since moter linked to the (dT)24 used for cDNA synthesis the inner ear is not fully functional at P2 but is mature served as the binding site for T7 RNA polymerase for at P32, the comparison may reveal genes important in in vitro transcription. Following the kit instructions, we the maturation process. The CBA/CaJ mouse strain routinely obtained ϳ11 g of cRNA from ϳ1.5 g was used because it has good hearing (based on ABR total RNA. The cRNA was then purified with Qiagen's testing) even at 2 years old (Zheng et al. 1999) . P32 RNeasy kit before it was fragmented in 5 ϫ RNA fragmice were anesthetized with isoflurane; P2 mice were mentation solution [40 mM Tris-acetate (pH 8.1), 100 anesthetized with CO 2 . Mice were sacrificed by decapitamM KOAc, and 30 mM MgOAc] at 94ЊC for 35 min. Gel tion and the skull was hemisected, allowing a medial approach to the temporal bone that offers access to electrophoresis was run with ds cDNA, unfragmented cRNA, and fragmented cRNA to confirm that no obvi- and scanning were conducted in a core facility, using
the protocol provided by Affymetrix. The final amount
of the cRNA from each sample was ϳ10 g, which is
only enough to hybridize one chip. The murine 30K
chip set contains five chips. Sequential hybridizations S100 ϩ ϩ ϩ ϩ
were therefore carried out with the same sample mate-
rial in order to hybridize all five chips; presumably each
cRNA from the sample bound to only the chip that
contained the matching sequence.
The GeneChip Analysis Suite V3.0 (Affymetrix, SantaClara, CA) was used to analyze the data. Each entry a P2a and P2b are the two hybridizations done with the P2 mouse cochlea. b P32a and P32b are the two P32 mouse cochleas. A ϩ indicates a "present" on a GeneChip is represented by 40 spots: 20 Perfect call, Ϫ indicates "absent," and ϩ/Ϫ is "marginal."
Match oligonucleotides each have a unique sequence exactly matching the target gene, and 20 MisMatch oligonucleotides each have the same sequences as the cognate Perfect Match oligonucleotides with the excepto be expressed in at least one of the samples, which represents 51% of the genes and ESTs on the chip. tion of one base in the middle. The signals derived from hybridization to MisMatch oligonucleotides therefore Individually, 13, 456, 13, 551, 11, 785, and 12 ,871 genes and ESTs were detected in P2a, P2b, P32a, and represent the nonspecific background. The analysis software quantifies the results using several different P32b, respectively. It is estimated that there are about 3000 hair cells parameters: Average Difference (Avg Diff) is an indicator of the expression level of a transcript (ranging from 0 in each mouse cochlea, so each sample used for cRNA preparation and hybridization (from ten cochleas) to Ͼ50,000). It was calculated by taking the difference between the signals of Perfect Match oligonucleotides contained ϳ30,000 hair cells. However, hair cells constitute only a few percent of the total number of cells and MisMatch oligonucleotides and averaging the differences over the entire probe set. The analysis software inthe cochlea. Since some known hair cell genes are represented on the GeneChip, we first asked how many scaled different experimental data sets to the same average level (1500 as defined by the software) to allow of them were detected. Over half of a representative group of known hair cell genes were detected in the comparison. When the Avg Diff was less than zero, it was arbitrarily set to zero. Absolute Call is determined whole cochlea sample (Table 1) . A previous study has shown that many genes with 2-5 copies/cell can be by a decision matrix in Affymetrix's software that is designed to distinguish signals from specific and nondetected from samples with 50,000 cultured cells (Mahadevappa and Warrington 1999) . However, the specific hybridization to score the presence or absence of each transcript. Three calls were made for each transensitivity is directly related to the amount of cRNA used in the hybridization. With ϳ10 g of cRNA for script: P-present, M-marginal, or A-absent. Genes with higher Avg Diff were more likely to be called preseach hybridization, compared with 15 g as suggested by Affymetrix, a decreased sensitivity of detection of ent. However, it is possible that a gene may have a high Avg Diff value yet still be called A (absent) by the ϳ15% has been observed (Mahadevappa and Warrington 1999). In our experiment using the spiked software; conversely, genes with low Avg Diff can be called present. Fold Change reflects the expression level internal controls at various concentrations (the biotin synthesis pathway genes from the bacteria E.coli-bioB, changes. It was based on the ratio of Avg Diff between the experimental and baseline data and incorporates bioC, bioD-supplied by Affymetrix), we could detect most of the transcripts present in 3-5 copies/cell (data the noise level into the calculation. not shown). With an average of 11 g cRNA for each hybridization, and with hair cells constituting a small percentage of total cells, we expect that many hair cell
RESULTS
genes with transcripts of more than 4-10 copies/cell were detected but that genes expressed at lower levels A large number of genes is expressed in the may have been missed.
cochlea
To determine sources contributing to the variability of this method, we examined each developmental From four hybridizations (two P2 and two P32 cochleas), a total of 17,300 genes and ESTs were found stage twice. For P2 mice, 20 cochleas were collected lower correlation in C indicates changes in gene expression during The dashed gray line demarcates less than twofold difference bedevelopment.
and total RNA was extracted. Then the RNA was sample collection procedure than by cRNA synthesis alone. divided into halves and each half was used to synthesize the cDNA and cRNA. Differences in measured expresMuch of the variation between two samples from the same developmental stage is associated with the sion between the two samples should reflect the variations inherent in cDNA and cRNA synthesis, variation genes with low expression levels. When the 2000 genes with the highest expression levels (represented by Avg between chips, and subsequent hybridization and scanning. For P32 mice, two batches of ten cochleas were Diff Ն7221 in the case for P2 and Ն7730 for P32) were compared between the two P2 or the two P32 collected independently. Each batch then went through RNA extraction, cDNA and cRNA synthesis, samples, 97% and 94% of them, respectively, showed concordance in being classified as present or absent and hybridization. Differences between these samples should include the additional variation brought about in both samples. However, when 2000 genes with expression levels close to background were chosen by sample collection and RNA extraction.
In both P2 hybridizations about 13,500 genes and (Avg Diff between 1000 and 1290), only 75% and 70% of genes showed concordance. ESTs were classified by the software as being expressed. However, about 20% were scored as expressed in one or the other, but not both. A scatter plot of the expresFinding candidate genes within a large gene sion level, as well as the calculated correlation coeffifamily cient, showed that overall the two expression patterns are very similar (Fig. 1 ). Most genes with high expresWnt genes encode a group of secreted signaling molecules involved in cell-cell interaction. They are espesion have expression levels that differ by less than twofold between the two samples, as indicated by cially important in the development of neural crest, kidney, body axis, distal limbs, and planar polarity of dashed lines.
In the P32 samples, about 12,000 genes and ESTs the eye (Mlodzik 1999; Wodarz and Nusse 1998); in addition, the Wnt signaling pathway plays a central were scored as expressed. About 9400 genes and ESTs were found in both, but about 24% were found to be role in the etiology of colorectal cancer (Bienz and Clevers 2000). Recently, Wnt-8c was found to act synerexpressed in just one or the other. The scatter plot showed that, as in P2 samples, most of the genes and gistically with Egf-19 in inner ear development to mediate mesodermal and neural signals (Ladher et al. ESTs classified as present have expression levels within twofold between samples. However, more genes in the 2000). A Wnt-5a knockout mouse was found to have a defect in the outgrowth of the external ears (Wang P32 samples had greater than twofold variation between samples, even among highly expressed genes. et al. 1998a; Yamaguchi et al. 1999 ). However, a link between most of the Wnt genes and inner ear developThe overall correlation of expression between the two P32 samples was less than in the two P2 samples, as ment has not been described. There are at least 20 mammalian Wnt genes divided indicated by a lower correlation coefficient. Therefore, a larger variation is likely to be introduced by the into 16 subgroups (http://www.stanford.edu/ 
a Wnt genes on the GeneChip were identified by searching the database with the "Find" function and putting "Wnt" in the EntrezDef field. There may be additional ESTs that represent Wnt genes but are not identified as such. Presence or absence (ϩ or Ϫ) indicated is according to the AbsCall field in the database.
ϳrnusse/Wntgenes/mouseWnt.html), and 14 of them their initial involvement in tectorial membrane formaare represented on the GeneChips. By examining the tion but limited turnover once it is formed. This correexpression of these 14 Wnt genes, we found five Wnt lates well with a recent study of tectorin expression, genes to be expressed in the cochlea at P2 or P32 which showed robust expression of ␣ -and ␤ -tectorin (Table 2) : Wnt-4, Wnt-5a, and Wnt-7b were expressed in the cochlea beginning at embryonic day 14 (E14) at both stages, while Wnt-5b and Wnt-10 were scored but undetectable expression by P22 (Legan et al. 2000; as marginal in one of two samples. Wnt-4 and Wnt-5a
Rau et al. 1999). had previously been reported to be expressed in the Fourteen collagen genes, represented at 27 locadeveloping inner ear (Kelley 2000; Wang et al. 1998a) .
tions on the GeneChip, were found to be down-reguWnt-7a is also reportedly expressed but we failed to lated from P2 to P32. Only two collagen genes were detect it with GeneChips, which may result from a up-regulated. As collagens are a major component of lack of Wnt-7a expression at the developmental stages the cochlea, serving, for instance, as a constituent of studied or a lack of sensitivity. To understand the functhe tectorial membrane, the down-regulation of a large tion of Wnt genes in inner ear development, this analynumber of collagen genes suggests that these are sis identifies five (Wnt-4, -5a, -5b, -7b, and -10) out of required mostly during early development of cochlea. the 14 tested as candidates for further study.
A large number of genes with functions in chromosome organization, cell cycle, and protein synthesis are down-regulated at P32, including histones, D-type Genes differentially expressed between two cyclins, and ribosomal proteins. This indicates that the stages reflect developmental and functional mouse cochlea is undergoing considerably reduced differences cell division at P32 compared with P2. D-type cyclins A comparison between P2 and P32 cochleas should are primarily involved in the G1/S transition during reveal many genes that are up-or down-regulated durthe cell cycle, forming a serine/threonine kinase holoing development. Because there is some random variaenzyme complex with cdk4 (Hirai et al. 1995) . Indeed, tion in measured expression level even at the same cdk4 also shows significant down-regulation from P2 developmental stage, we compared only genes that to P32. were scored as either present or absent in both hybridInterestingly, a group of negative cell-growth-conizations of a given age. More than 700 genes are found trol genes-including melanoma-activity-inhibition to be up-regulated from P2 to P32 (defined as more gene, Kip2, gas1, and gas5-are down-regulated during than doubling in expression level), whereas less than this period. Kip2, a cyclin-dependent kinase inhibitor, 800 were down-regulated. A few examples illustrate is expressed in rat hair cells at P0 but not at P35 the analysis. (Corwin et al. 2000) . Kip2 has been shown to be upregThe gene with the greatest down-regulation was otoulated in G(1)/G(0) phase, preventing the cells from conin-95. Expression levels of otoconin-95 decreased entering S-phase, both in retina and myoblasts (Dyer over 100-fold from P2 to P32, and at P32 expression and Cepko 2000; Reynaud et al. 1999) . The higher was scored as absent. Otoconin-95 is expressed by nonexpression of Kip2 at P2 suggests that Kip2 is required sensory epithelial cells of the membranous labyrinth at an early postnatal stage to inhibit the activity of and is a major component of otoconia (Verpy et al.
cyclin kinase, for differentiation of hair cells. Later in 1999; Wang et al. 1998b ). The expression data suggest development the cyclin kinase activity may be comthat, after the initial formation of otoconia, very little pletely diminished so that Kip2 is not required, or additional otoconin-95 may be required for their alternatively the role of Kip2 is replaced by similar maintenance.
gene(s). The GeneChip analysis therefore provides us Like otoconin-95, both ␣ -and ␤ -tectorin are dramatically down-regulated at P32, a clear indication of with a candidate gene potentially involved in hair cell synapse use a variety of ion channels to convey the and synaptic voltage-gated calcium channels.
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Transporters
A searchable database Sodium-dependent choline transporter 2 FXYD domain-containing ion transport regulator 6
To make these data most accessible to the research genes using any of three attributes (Gene Name, UniNaϩ, Kϩ ATPase, beta
Gene ID, or Accession Number). In the case of a novel Naϩ, Kϩ ATPase, beta 1
gene that has neither a name nor an accession number, Naϩ, Kϩ ATPase, beta 2 Naϩ, Kϩ ATPase, beta 3 one can use an EST for that gene to identify a UniGene Naϩ, Kϩ ATPase, gamma
cluster and then search with the UniGene number.
Caϩϩ ATPase, sarcoplasmic reticulum type
The database can be used to retrieve expression is evident by the high Avg Diff value at P32 or by the Oncomodulin large "fold change" (Ͼ5). In addition, links to various public databases are included to facilitate understanding of protein function. Each gene entry has links, when available, to the Mouse Genome Informatics differentiation and provides the timing of its expression. Gas1, gas5, and melanoma-activity-inhibition (MGI), TIGR, and UniGene databases to provide more information. gene have not been previously shown to be expressed in the inner ear. Their association with the differentiaIt is our intention to update the database frequently, to include additional expression data from developing tion process in other tissues (Blesch et al. 1994; Coccia et al. 1992; Del Sal et al. 1992 ; Evdokiou and Cowled mouse utricle and cochlea and from human inner ear.
More extensive links will be added to the database, 1998; Stoll et al. 2001 ) suggests a role in cochlea development.
such as functional annotation of genes, updated UniGene ID, chromosome locations, and MGI entries. Among genes up-regulated from P2 to P32 are channels (10) and transporters (12) ( Table 3) . These include a sodium channel subunit, potassium channels, a chloride channel, and water channels. The ion DISCUSSION transporters include Na/K-ATPases and a calcium transporter. (Another 50 channels are expressed at
We have shown using oligonucleotide array technology that a large number of genes are expressed in the both stages.) The mature cochlea has an elaborate system of ion transport in the organ of Corti and stria mouse cochlea. Even though we have only four tissue samples in the present study, the expressed genes repvascularis, which serves to maintain the high-potassium endolymph (Steel and Kros 2001) . In addition, hair resent the largest number yet described in the mammalian inner ear. cells and the spiral ganglion neurons on which they Since the genes identified to date and arrayed on protocol for amplification. One way around this problem is to use a normalized inner ear cDNA library chips are primarily from tissues other than the inner as the source for cRNA synthesis. The probability of ear, there could be concern that array technology detecting low-copy-number genes would be greatly would miss genes important for hearing. We think increased but it would not be quantitatively representathe concern is unfounded: First, many genes can play tive of expression level. It is also possible to perform multiple roles in different tissues, so it is not surprising SAGE analysis using the normalized cDNA libraries. to notice a large number of deafness genes also
The combination of microarray and SAGE analysis expressed in other tissues (e.g., myosin VIIa in testis, may help to identify most of the rare transcripts. myosin VI in kidney, Brn-3.1 in the retina, and Math1
Results from the GeneChip assay are largely reproin brain). Perhaps relatively few genes are expressed ducible between samples, at least for genes expressed only in the inner ear. Second, the number of known at levels significantly above background. The higher genes is increasing rapidly. The Human Genome Projdegree of concordance between the two P2 hybridizaect has produced a draft sequence of the human tions compared with the P32 hybridizations can be genome and similar progress is anticipated for the explained mainly by the common sample collection Mouse Genome Project within 2001 (Collins et al.
and RNA extraction. A recent study using a well-con-1998; Lander et al. 2001; Venter et al. 2001 ). The trolled cell line has revealed the importance of duplicaresults of the human genome sequencing project indition in reducing variations in a microarray assay (Lee et cate that there are ϳ30,000 genes in the human al. 2000). Our data confirm the usefulness of running genome. More than 30,000 sequences are represented duplicate samples to determine the inherent variability on the mouse GeneChips used here and these most in sample preparation, especially for the limited tissue likely represent ϳ20,000 distinct genes (data from obtainable from the inner ear. Affymetrix), so it is likely that a significant fraction of These data, from these two postnatal developmental the mouse genome is already covered. Chips derived stages, cannot reveal genes important in early developfrom genomic sequence rather than expressed ment of the inner ear. The limited sample numbers sequences, and that cover most of the genes in the also preclude the application of algorithms (such as genome, are expected in the near future. It is likely Genecluster) to group genes involved in different that very soon all mouse and human genes and many of functional pathways. Therefore, future experiments their splice variants will be represented on GeneChips.
should comprehensively profile expression patterns These can be used to identify rare inner ear genes in the developing inner ear, at a variety of pre-and without having to sequence inner ear libraries.
postnatal stages. Similarly, cochlear samples include a Sensitivity of detection is of great importance for large number of cell types, each with their own funcexpression profiling in the inner ear because of limited tion and developmental program. Greater insight will material. Using material harvested from the whole come from expression profiles of individual organs, cochlea, we detected a number of genes expressed by such as the utricle and the organ of Corti, or even hair cells (myosin VI, calretinin, parvalbumin). Some single cell types. genes were not consistently detected in our study, such GeneChip studies can produce an overwhelming as myosin VIIa, diaphanous, and PMCA2. There are amount of data, and insight may come only through several possible reasons for this. First, the detection intelligent sifting procedures. Having a global view of sensitivity is directly related to the number of hair cells expression patterns of inner ear genes can help to present in the sample. In our study we typically used narrow down quickly the genes potentially important 10 cochleas (with ϳ30,000 hair cells) per assay. In a in the development and function of this essential separate study of isolated utricular macula (with organ. The survey of the Wnt gene family identified ϳ50,000 hair-cells), most known hair-cell genes were some members that are more likely than others to detected (Z-Y Chen, data not shown). Therefore, by control ear development. A similar survey can be perincreasing the amount of tissue used, more genes formed with members of the Frizzled gene family of should be detected. Complexity of tissue used can also seven-transmembrane receptors for Wnt. The time affect sensitivity of detection. Since the cochlea concourse of Frizzled gene expression correlated with that sists of many different cell types the abundance of of Wnt genes could identify the potential Frizzled cell-type-specific transcripts was reduced. By using a receptors for various Wnt isoforms, in the context of particular organ with fewer cell types (such as the inner ear development. Finally, with more samples it organ of Corti), we expect to improve the sensitivity will be possible to cluster the expression data to of detection. explore functional pathways, such as downstream Very-low-copy-number mRNAs (e.g., 1-2 copies/ effectors of Wnt signaling, at particular developcell) will not be detected by the GeneChip assay or mental stages. Annotations and links in our current database are any other microarray approaches, using the current
